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SUMMARY

Fart staff have attempted to control wild pigs, primarily by
hunting., since 19146. Recorded annuwal kill increased from under
S50 prior to World War Il to approsimately 300 during the 1960°s.
In 1972 a program was instituted allowing citizen hunters to
assist in the control of goats and. pigs as deputy rangers. The
primary effort was goat eradication at first, but switched to pig
control as the goat population was reduced. It was realized from
the outset that eradication of pigs was an unlikely prospect.

The Deputy Fanger Frogram included a mandatory check-in procedure
so that monthly records of hunting effort and pig kill could be
compiled for each of eleven pig management units. The units

encompass the entire Park and range from 1332 to 23618 hectares.
The total annual recorded kill declined from about 280 to under

120 from the early 19707 to the early 19807°s. However, only one
unit, the area around Kilauea Crater from Thurston Lava Tube to
Bird Park, was cleared of pigs within the decade. Fencing and

ercellent vehicular access were undoubtedly key factors
tacilitating the effectiveness of hunting in this unit. Most of
the remaining pig habitat in the Park, comprising about 25
percent of the total Park area, still supports pigs at or near
carrying capacity despite continuous hunting.

A simulation model was used to examine the impact of the recorded
ill on the estimated pig populations in each management wunit. In
anly one case, the Kipuka Ki Unit, did the simulation results
indicate that the given kill rates had significantly reduced the
population. The model, based on the best information available.
indicates that & semiannual kill rate of between 20 and 40 percent
of the pre—-harvest adult population must be maintained to control
the population to half its unharvested equilibrium densitvy.

Fecent kill rates have averaged only about three percent.

The kill-per—-unit-effort data from the Deputy Ranger Frogram
allows calculation of a conservative estimate for the total
effort required to eliminate pigs from an area. For example, an
estimated 5800 man-days over a five-year period would be required
to exterminate pigs from the Fuhimau Unit. While more efficient
hunters could be used than the average deputy ranger. the effort
required to exterminate pigs by hunting with dogs would still be
far greater than has been applied to date, except in the few
RFighly accessibhle portions of the Fark.



INTRODUCTION

Administrators of Hawaii VYolcanoces National Fark have recognized
the desirability of eradicating or at least controlling the
numbers of feral pigs along with other emotic ungulates since the
Fark” s inception (Raker, 19763 Taylor, 1982). Although various
control methods have been attempted, the most commonly used by
far is shooting while hunting with dogs. FPFigs have been shot
more or less reqularly by rangers and others since 1916, but
attempts to record such efforts were sporadic until 1972 when a
Deputy Ranger Program was initiated (Figure 1).

The Deputy Ranger Program was designed to legalize the use of
relatively inexpensive labor provided by citizen hunters in
assisting the small ranger staff to control exotic ungulates,
primarily goats and pigs. At first most of the total effort went
toward eradicating goats. As goats became scarce hunting effort
switched to pigs. It was realized from the outseti however, that
total eradication of pigs was an unlikely prospect.

Froperly licensed local hunters were deputized as park rangers
atter passing a hunter safety course. Deputies were reqguired to
sign in and out at Fark headquarters each day they were on duty.
Yarious restrictions regarding the use of firearms, dogs, vehicles,
and hunting locations were established over the years. Deputy
rangers were required to provide certain information when signing
in, including the sub-unit of the Fark they chose to hunt that day,
the total number of persons in the hunting party. and upon leaving,
the species, number and sex of any animals bagged. They were
allowed to keep all animals they killed.

The cost to the Fark for the program has included approximately 2
man—days of ranger time for enforcement and 4 man—days of resource
manager time for record keeping and field monitoring per month.
Under 1 man-—day of resource management time has gone toward record
keeping but the efforts at field monitoring and direct control of
pigs has been more variable. Up to 10 man—days per month were spent
in the +field between 1975 and 1980 when personnel were shifted from
goat control to pig control. Recently under 2 man—days per month
have been allocated to field work with pigs, primarily checking
fences and monitoring pig damage.

The Deputy Ranger FProgram began November, 1972:% records have been
kept continuously since then and summarized monthly and
semi-—annhually., The purpose of this report is to review all the
avallable records through February, 1983. In addition to

providing a summary of pig hunting in the Park, an attempt was

made to assess its impact on the population. 0f particular interest
were 1) to what extent bhunting might have reduced pig numbers and
damage to vegetation below levels expected without hunting, 2) the
cost of managing the program, and Z) whether the benefits derived
were greater than the costs incurred.
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METHODS

Monthly data were available for each pig management unit from
November, 1972 to the present except for fiscal years 1977 and
1978. These data were apparently disposed of by mistake; however,
Fark-wide summaries were available for this period. Since much
of the Fark was closed to Deputy Ranger hunting after Christmas
1982, most analyses are limited to the periods MNovember, 1972 to
June, 1977, and July., 1979 to December, 1982.

In July, 1981, the system of pig management units was modified
(Figures 2,3). All data were analysed on the basis of the current
scheme. The total land area and the area of pig habitat were
determined for each unit by planimeter from maps in Fark files.

The percentage of each unit within S00m of a road or major trail

was &lso determined by planimeter. This zone was considered readily
accessible to deputy rangers based on the results of extensive
surveys of the distribution of pig sign relative to roads and trails
in hunted and unhunted portions of Hawaii (U.S. Fish and Wildlife
Service, unpublished data).

The ecological carrying capacity., or unhunted equilibrium
density. for pigs was estimated for each unit on the basis of
vegetation maps (Mueller-Dombois and Fosberg, 1974) and estimates
of pig density by vegetation type for unhunted popul ations
provided by Giffin (1972:61-77). Giffin's estimates were
obtained from line transect censuses carried out in many locations
around the island of Hawaii. While both the vegetation

type maps and the density estimates are crude, they are the best
presently available. We emphasize, our carrying capacity figures
are our best estimates for the average number of pigs over six
months of age that a pig management unit could support over the
long term without human disturbance; they do not represent the
number of pigs presently existing in the units, nor the desirable
riumber .

Regression analysis was used to derive predictive functions for
the relationship between percent harvest and percent accessibility
for the 11 management units and for the relationship between
hunting effort and pig density. Natural logarithmic
transformations were used as necessary to improve the +it of the
linear, least squares functions.

We attempted to correlate the mean monthly pig kill per hunting
party (our best index of pig density) with the monthly
precipitation records from Fark headguarters and from Kalapana
weather stations. Rainfall and pig index data were summarized
for -, &6—, and 1Z—-month periods as well as monthly., and each
data set was analysed by correlating pig abundance with rainfall
occurring zero to several vears previously. We hypothesized that
periods of low rainfall might lower pig survival and consequently
the success of hunting efforts. There are likely no important
sources of pig mortality in the Fark other thamn starvation and
hunting (leqgal and illeqgal). In very dry pericds younger pigs
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may succumb to dehydration in some habitats, but older pigs are
likely to disperse to more mesic habitats in dry periocds.

All data were compiled in computer files on diskettes for easy
storage and analysis (Appendix A). The data base management
software used was VISIFILE for the IBM-FC (Ewing, 198Za).
Statistical summaries and graphical presentations were
accomplished with VISITREND and VISIFLOT (Ewing, 1982Zb) which are
compatable with VISIFILE via the DIF format (Kalish and Mayer,
1981 .

A feral pig population modeling template (Appendix RB) was
constructed for VISICALC (Wolverton, 1981), based on natality and
mortality schedules derived from studies of feral pigs in
California and Australia (RHEBR unpublished data). This model
accepts information on estimated carrying capacity, initial
population structure and é-month harvests, thus allowing one to
project the pattern of population change over time given a known
harvest pattern. We believe that assuming a constant carrving
capacity is reasonable for the Park environment. Models were
constructed for three pig management units with divergent harvest
histories to illustrate the probable impact of hunting

on pig numbers. Also. the model is used in a discussion

of the general principles of harvesting a feral pig population
whether the goal is a maximum sustained vield or animal damage
control (Tisdell, 1982:760).

An attempt at a cost-benefit analysis (Mishan, 1976) was made
using the best estimates available. All values are in 1983
dollars. An analysis of the relative costs of various
alternative control methods was beyond the scope of this report.

RESULTS

The 11 pig management units subdivide the entire Park into areas

of 17332 to 4175ha. Unit boundaries are along fences. roads or
natural features (Figure 3). The proportion of each unit considered
suitable pig habitat varies from 10 to 100 percent, the average for
the Fark as a whole being 25 percent. These percentages may be
overestimates as recurring volcanic activity periodically reduces
the amount of pig habitat. A significant portion of Unit 7 was
covered by rew lava in 1983%. Accessibility within the units ranges
from 35 to 99 percent and averages 15 percent for the entire Pari
{Table 1).

Five hroad habitat types based on vegetative cover were recognized
in the process of estimating the carrying capacity of each unit

for adult (&5+mo) pigs: 1) sub-alpine (2 pigs/km2), 2) submontane
seasonal scrub (S pigs/kmZ) . 3) chia—uluhe forest (10 pigs/km2),
4) montane seasonal forest (20 pigs/kmZ2), and ) ohia-hapu’u

forest (40 pigsskml) . The estimated carrving capacities for the
units ranged from I0 top 1650 pigsi the FPark-wide estimate totaled
4560 pigs. Two thirds of this total is carried by only two units:
Ola’a Tract and FEalapana {(Table 1).



A summary of the data derived from the Deputy Ranger Frogram
(Appendix C) is provided in Table 2. The important patterns
emerging from these data are: 1) numbers of pigs harvested per
month were relatively low compared with the estimated carrving
capacities of the eleven management units ({1 to 25 percent of
unit carrying capacity and 3 percent Park wide)$: 2) hunting
effort in terms of groups (parties) per month and total
hunter—-days has declined; 3) in some units the pigs killed per
aroup and the percentage of groups successful in killing any pigs
fboth indices of pig abundance) increased over the period: 4)
only one unit (Unit 11 - Kilauea Crater) was successfully cleared
of pigs, although a second (Unit 2 — Kipuka Ki) was hunted
heavily enough to result in & significant reduction in pig
density. '

An analysis of the records for the number of boars versus sows
harvested found no consistent evidence for hunters selecting one
sex over another. Although no accurate records of the ages of
pige harvested wetre kept, comments on some records and
discussions with hunters lead us to believe there has

been no strong selection for age, other than that piglets

less that six months old were generally not taken by hunters.
Some piglets are killed by hunter”s dogs but generally not
recorded in the harvest records. Thus, it appears that hunting
with dogs in the Park is nonselective for sex or age for adult
(6+mD) pigs. Most Deputy Rangers are primarily interested in
phtaining meat and take every adult pig they can. Occasionally
boars are captured alive, castrated and released to be captured
again later as barrows. For example, we trapped a vearling
bBarrow in the Fuhimau unit that had recently been castrated as
the incisions were only partly healed. Barrows tend to grow
larger, carry more fat and taste better than boars (Harrett,
1978) .

In looking for explanations for the patterns found in the data
(Table 2. Appendix C) we first considered the influence of the
accessibility of pigs on hunter interest and effort. It is well
known by sportsmen and fish and wildlife agencies that as hunters
must hike farther from access roads and major trails, interest and
effort fall off. Despite the use of dogs when hunting pigs, the
survey data gathered by the U.S5. Fish and Wildlife Serwvice and

our own observations of pig =ign indicate that the general

pattern also holds for Deputy Rangers in HUNF.

Further support is provided by a regression of the mean monthly
kill as a percentage of the estimated carrying capacity for each
unit on the percentage of the unit within S00m of a road or major
trail (Figure 4). Mote that for Units 2 and 11 the percent
harvest figures are derived from the modeling efforts described
in detail below rather than the unmodified harvest rates. BRecause
of the dynamics of harvested populations (a small number of pigs
removed can represent either a very small or & very large
percentage of the pre—-hunt population) we believe these modified



values are more accurate than assuming the pre-hunt population
was at the carrying capacity for these units. This issue will be
considered further in the discussion. Moreover, units 2 and 11
are critical as the significance of the regression depends in
large part on their values. The regression indicates that
hunting as exemplified by the Deputy Ranger program in the Fark
has little impact unless nearly all of a unit is within 300m of a

road or major trail.

Data for the effort regquired to kill a pig (assuming two man-days
are equivalent to one group-day) were regressed on the estimated
pig density in each management unit for the periods 1972-77 and
1979~82. Data for periods with very low hunter use were omitted,
leaving 16 data points for the analysis. We found that the kill
per aroup was not influenced significantly by the number of
hunters in the group. BSince a hunting party of two was typical,
we assumed one group—day was equivalent to two man—days of
hunting effort. The resulting regression (using natural
lpgarithmic transformations) was significant, suggesting that
hunting success is influenced by the density of pigs (Figure 3).

A series of attempts to correlate an index of pig abundance (mean
number of pigs killed per hunter group per given time period)
with rainfall up to three years prior to the kill period were all
unsuccessful. The best correlation (but not statistically
significant) was between pig abundance data for Unit 7, Kalapana,
compliled on a F—-month basis and rainfall for the ZF—month season
three vears prior (Figures 6,7). Thus, no support could be
obtained from the available data for the hypothesis that reduced
precipitation resulted in reduced pig numbers. Apparently
weather has only minor effects on the dynamics of pig populations
in the Fark.

Three units were chosen for more intensive analysis using
simul ation modeling. Unit 35, Fuhimau, was chosen as an example
mf a lightly harvested uniti: it is also the site of ongoing
studies of other control methods. Unit 2, Kipuka Ki, is an
example of a moderate to heavily harvested unit which presently
has & reduced pig population. Unit 11, Kilauea Crater, is the
lone example of a unit in which hunting (combined with fencing)
has successfully eliminated all pigs. In each example the
appropriate carrying capacity and recorded kill figures were
entered into the model (Appendix B). Bince the initial
popul ation structure was unknown in all cases it was assumed that
it would be approximated by the stable structure (Caughley,
1977:89) predicted by the model for a population in which adults
(6+manths of age) were harvested without selection for sex or age
at a constant rate equal to the average recorded kill for the
garly 1970 =.

N
Figure B\presents the results of the Fuhimau simulation in which
the =starting population structure was that for a 3 percent
harvest from an area with a carrying capacity of 229 adults. The
ztable f‘pre-Frogram) population was held at 99.5 percent of

o



carrying capacity by a harvest of 10 adults every six months.
Beginning in the second half of 1972 the simulated harvests were
the é—month totals actually recorded: they also had little impact
on adult pig density. Note that the area of the graph labeled
"FIGLETS" represents the total number of piglets farrowed per siu
month season and not the number alive at any instant as piglet
mortality is very high even under good conditions. Beginning in
1983, four levels of pig removal were simulated: 20, 40, 80, and
120 adults removed per season. The first two levels result in
stable populations only slightly lower than at present while the
other two alternatives result in extinction approximately S and I
vears after commencement, respectively. The implications of these
results will be elaborated on later.

Figure 9 presents the results of the Kipuka Ki simulation in
which the starting population structure was that for a | percent
harvest from an area with a carrvying capacity of 80 adults.

Since there is a pig fence just west of the boundary of Kilauea
and Kipuka ki units, for this analysis we considered the fence

as the unit boundary. Hence, Kipuka Ki itself, with an estimated
carrying capacity of 10 adult pigs was shifted to the Kilauea
Crater Unit, leaving 80 rather than 90 as the carrvying capacity
for the Fipuka Fi Unit. It does appear that pigs have been
eradicated from Kipuka Ki east of the fence, thus we believe it is
appropriate to model it with the Kilauea Unit.

The stable (pre—-Frogram) population of the Kipuka Ki Unit was held
at 99 percent of carrving capacity by a harvest of 1| adult every six
months. A 1 percent harvest was arrived at through multiple
similation runs. The recorded kill was moderately high but quite
variable. We knew that the population had not been exterminated
and there was minimal immigration as the area was fenced for pigs.
The simulation analvysis showed that a stable population harvested
at 2 percent or greater, and subsequently subjected to the known
kill record (1972-82), would go extinct before 1980. Therefore we
used a 1 percent harvest figure as the highest that could be
supported and still be consistent with the available data. The
results in Figure 9 suggest that the adult population in Unit 2
was about 12 percent of carrving capacity or 10 animals in
January, 198%. The average harvest rate represented by the
recorded kill, as predicted by the simulation in Figure %9 was
apout 57 percent.

Figqure 19 presents the results of the Kilauea Crater simulation in
which the starting population structure was that for a 37 percent
Far-vest from an area with a carrying capacity of 120 adults. The
stable (pre-Frogram) population was held at 11 percent of
carrying capacity by a harvest of 8 adults every six months. A
57 percent harvest was arrived at through multiple simulation
rurs.  The recorded kill was low relative to carrving capacity

(2 percent) but the population was exterminated in 1980
nevertheless. The only way in which the recorded kill could have
accamplished this, assuming the remaining parametersz in the model
are accurate, would have been for the beginning stable population



structure to be the result of a stable harvest of at least 57
percent. As for Unit 2, this pre—-Frogram harvest rate was that
used in the regression analysis of Figure 4 (rather than the
ratio of the average kill to estimated carrvying capacity-—a much
smal ler percentage).

The cost (1987 dollars) to the FPark of managing the Deputy Ranger
Frogram is estimated to average about $490 per month, primarily
for labor (Table 3). Although no additional permanent stat+ were
required, the time spent by present staff to administer the
program should be considered, as it could easily be diverted to
other pressing problems. The benetits to the Rark are much more
difficult to evaluate although it is universally agreed that any
reduction in damage to native vegetation and fauna in the Park
has definite value. Extensive rooting decreases the aesthetic
enjoyment of Fark visitors in addition to disrupting pristine
patterns of community succession and even organic evolution. ANy
dollar value applied to these benefits would necessarily be
arbitrary. Nevertheless, to stimulate discussion, we considered
that if the monthly rempval of 20 adult pigs results in saving 18
ha from depredation {(assuming a pig roots Z5mZ per day and
recovery requires 12 months), and if a hectare of pristine land
nearby could be preserved with a conservation easement for $30 per
month, one could argue that a minimum value for this level of pig
removal would be $540 per month.

Given the difficulty of deriving an appropriate dollar value for
natural ecosystem processes, perhaps all one can say is that
significant reduction in pig damage due to the Deputy Ranger
Frogram has been limited to about one percent of the Fark,
including: 1) elimination of damage to the Kilauea Crater Unit,
2} a substantial reduction of damage in the Kipuka Ki Unit, and
3y some reduction in damage along ropads and major trails in the
~ e

remaining areas. Overall, this leaves some 22,000ha or roughly
23 percent of the entire Park unprotected from pig depredation.

The relationship between pig density and area of understory
destroved by rooting per &— and 1Z2-month period in the ohia—~hapu’u
forest habitat is illustrated in Figure 11, which is based on

data from Cooray and Muller-Dombois (1981) and our own
observationes in the Fark. Unharvested pig populations in this
habitat are presently destroving the understory vegetation on an
estimated 18 ha per kmZ per &—month season.

The cost to the Deputy Rangers for an average of 25 trips per
month (Appendix C), assuming the average cost of vehicle milage.,
upkeep of hunting dogs., and ammunition etc. was %25 per trip, is
estimated at $625 per month. This cost is far ocutweighed by the
benefits derived if one assumes the value of a dav’s hunting
recreation is $10 and the value of a kilogram of dressed pork is
$Z f{current market value in Hilo). Given that the records show an
average of 60 hunter-—days per month and an average kill of 20

pigs faveraging 27kg dressed weight) per month the bernefits
derived by the hunters total %2220 per month. The ratic of



benefits to costs borne by the Deputy Rangers is thus over three
to one. Note that this ratio is not the appropriate one for
decisions by the Parhk, which should take into account all social
costs and benefits. Unfortunately, we know of no satisfactory
way to place a dollar value the loss of Fark resources to pig
rooting.

DISCUSSION AND CONCLUSIONS

Unfortunately, little can be said about the accuracy of the data
base we had to work with. It is probable that all figures are
underestimates due to hunters failing to sign in or out.

Fecently, it is likely that some "hunters" have spent more time
tending plantings of marajuana than pig hunting, thus inflating
estimates of effort required to bag a pig. We believe we can see
shifts in trends in the data at the time of changes in resouwrce
managers which could be a result of minor changes in protocols for
gathering or summarizing data. In ong case (1980) a major
inconsistancy in the data is evident. This is the result of a
tendency to discard records of unsuccessful groups which was
rectified in 1981. Il.astlv, we note that periodic hunting closures
due to eruptions, fires., nene breeding and similar conflicts
undoubtedly contribute to variation in hunting effort in some
Unit=s. Details of these closures were not recorded.

Despite the fact that there is a two—-year gap in the records for
the Deputy Ranger Frogram, and that the accuracy of the available
data is questionable., & number of biologically reasonable
patterns can be detected. We present these (after ten vyears of
the Frogram) in the hopes that thevy will assist the Park in its
continuwing effort to minimize the impact of feral pigs on the
flora and fauna of an International Riosphere Reserve. -

Hawaii Volcanoes National Park still has a major pig depredation
problem., as approximately 25 percent of the area (22,000ha)
supports pigs at or near ecological carrying capacity. Figs at
densities of about 40 per km2 (the carrying capacity for pigs in
ohia-hapu’u forest comprising 4 percent of the total habitat)
destroy the understory plant cover on about 350 percent of

the rootable ground surface annually (Figure 11), in addition to
injuring or killing significant numbers of tree ferns (the
primary suWwb-canopyl), koa and other native seedlings, and
encouwraging exotic plants such as strawberry guava and banana
paka (Cooray and Muller—-Dombois, 198135 Diong., 1983). The
positive response of understory vegetation to the exclusion of
pige 1in several sites around the Fark clearly demonstrates that
pigs are at least maintaining some communities in disclimaxes
substantially different from that expected in a pristine
grnvironment (Spatz and Muller—Dombois. 19753 Higashino and Stone,
19825 Stone, unpub. data). Only two percent of the habitat
suitable for pias has been fully protected. Even this area, the
Filauwea Crater Unit encompassing the Rarlk headquarters. is
presarved only by regular maintanance of pig—-proof fencing.



It might surprise some that the elimination of over 230 pigs a
vear for nearly a decade has not had a greater impact on the
problem. There are two reasons why hunting has not

had more impact. First, the tendency for hunters whose
motivation is primarily recreation rather than eradication is to
select areas within easy walking distance of wvehicular access
points and with relatively high densities of pigs. Therefore,
portions of the Fark more than a kilometer from roads and major
trails are essentially unhunted (Figure 12, based on Figure 4),
and as soon as hunting reduces the population of an accessible
area very much, hunters lose interest and move their effort to
another, more promising area (Figure 13, based on Figure 3). This
tendency was evident in the monthly kill records. There were
gsaeveral instances in which the good success of a group hunting a
unit which had been unhunted for a time was followed by a
distinct shift in effort to that unit from other areas with 1lower
success rates. This behavior coupled with a relatively static
poaol of local hunters interested in the Deputy Ranger Frogram
results in a relatively constant, evenly dispersed, but
inadequate control effort over the accessible portions of the
Fark.

The second reason why the Program has not had more impact is a
function of the dynamics of harvested feral pig populations. Figs
are the most prolific ungulate on earth, having an intrinsic rate
pnft population increase more like a rodent than an ungulate
{Harrett, 1978: Pond and Houpt, 1978). A sow first produces a
litter of four to eight young at about a year of age and
continues to farrow increasingly large litters approximately
every six months for the rest of her life (four to seven vears
in an unharvested population). Moreover, in the Hawaiian
environment, especially in ohia-hapu’u rainforest, the only
significant mortality ftactor other than hunting is malnutrition
(Giffin, 1972 Raker, 19763 Diong, 1782).

Ta provide a concrete i1llustration of the practical significance
af the pig’s high reproductive potential we have modeled the
arowth of & hypothetical pig population stemming from the
introduction of a cne-year—-old, pregnant sow into the 4135ha 0Ola’a
Tract assumirig it had been fenced and cleared of pigs (Figure 14).
The population grows to less than 300 animals in the first four
vearsi: however, in the next four vyears it reaches and even
overszshoots the estimated carrying capacity of 1650. Thus, an
illegal introduction might go undetected for several vyears and
"explode" only a few vears later. One way to describe the growth
of a newly established feral pig population in good habitat is to
note that it can double every fouwr months if not hunted.

The same model {(Appendix B) used for the above illustration can be
used to 1llustrate the response of the pig population in the
Fuhimauw Unit to various intensities of hunting. Typically, such
models are represented graphically in the form of "vield curves",
reptr-esenting the absolute number (Figure 13), or the relative
number of individuals {(Figure 16)., that can be harvested
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periodically (every éb—month season in this case) without changing
the "standing crop" at the beginning (or the end) of the next
period. Thus, for example, a "sustained vyield" of 12 adult
{(6+mn) pigs could be harvested from a standing crop of 221 adults
leaving a post—-hunt population of 209 (a S percent harvest rate).
Alternatively, a sustained vield of 12 adults couwld be harvested
from a standing crop of 21 leaving a post—-hunt population of 7 (a
37.3 percent harvest rate). In both cases the post-hunt
nopulations would grow to the pre-hunt standing crop again by the
next é—month season. 0Ff course the figures presented here should
not be taken too literally as they are based on rather crude
estimates of carrying capacity, plus various assumptions about
natality, natural mortality and lack of selection for certain age
classes by hunters. Nevertheless, they are the best estimates
available and we believe they are reasonably accurate.

In the present context Figure 17 may be a more useful view of the
same information. It indicates the number of adult pigs that
must be harvested to maintain a given post-harvest density in the
Fubhimauw Unit. For example, to maintain a post—-harvest density of
nine adults per square kilometer (half the density at carrving
capacity) would require a regular harvest of 35 pigs (34 percent
of the pre-harvest adults) every =ix months. Notice that the
maximum sustained vyield (MSY) for this population is predicted to
be S7 (326 percent of the pre-~harvest adults) every six months.
MSY 1is often a management goal for those interested in the
production of meat or related resources.

Censusing wildlife is generally a difficult task. Traditionally,
wildlife managers have attempted to interpret population trends
from age composition data obtained from harvested animals or
gsample counts. Such attempts are fraught with pitfalls
iCaughley., 1976:120-123): however, the stable age distributions
presented in Figure 18 may be of use in interpreting age
composition data for pigs in HVNF if one assumes a trelatively
stable carrving capacity. a stable harvest rate and no selection
for sex or age classes in the harvest. The most obvious pattern
in Figure 18 is that as the percent harvest increases, the maximum
and average ages of the pigs decline substantially. Since recent
harvests in the Puhimauw unit bhave included pigs up to five years
of age it is unlikely that the average harvest rate has been over
25 percent per six-month season. Notice also that with
increasing harvest rate the number of piglets farrowed declines,
but the percentage of those born that survive to be recruited to
the adult population increases dramatically. The model takes
into account the fact that hunting losses of adults are
compensated for to a degree by improved suvival of younaq. This
is based on the assumption that the main factor limiting the
pepulation is food availablitiy and that a relaxation of
intraspecific competition allows improved survivorship of those
individuale remaining, especially piglets.

We noted that a harvest of 12 pigs could be sustained from the
Fubimauw unit whether the standing crop was Z19 or 21 adults.
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Obviously. the Fark would prefer a standing crop D?‘only 21 as
this density would have a minimal impact on the flora and fauna
of the area. Unfortunately it is considerably more difficult to
harvest 12 pigs from the small population than from the large one.
If we assume that the harvest method is hunting by crews of two
men and two dogs for eight-hour days we can predict the amount of
effort required to harvest 12 pigs in each circumstance based on
the regression of Figures 3 and 13. A harvest of 12 pigs from a
population of 219 would require an estimated 30 man—days (e.g.
one crew for five weeks; five working days per week). The same
harvest from a population of only 21 would require an estimated
170 man—days. or over three times the effort for the other
situation. The hunting effort predicted for any harvest rate in
the Fuhimau unit can be seen in Figure 19. 0f course, since the
predictions are based on the skill and success of the average
Deputy Ranger over the past decade, any improvement in the shkill
or effectiveness of future hunting crews would reduce the effort
required accordingly. Effort required to kill a pig at Great
Smoky Mountains National Park and at Dye Creek Freserve is less
than expected for Hawaii Volcanoces National Fark (Figure 19).

There is an additional point regarding the case of a high harvest
rate from a low standing crop. Since the present population is
near carrying capacity (Figure 8), additional effort must be
expended to reduce the standing crop to 21 head before the
sustained vield situation can be instituted. This could be done
in two ways: 1) remove a given percentage (at least S7.5
percent) of the adult standing crop each season until the

popul ation reached 21, or 2) remove a given absolute number (at
least 38) each season. The first alternative would require a
greater total effort because it would take longer (decades) to
drive the population down. The second alternative is illustrated
in Figure 20, Here 80 pigs are harvested per season (an
increasing percent harveset). Notice that the effort required to
take the same number of pigs increases geometrically as the
population is driven lower. Figure 20 predicts that it would take
roughly 1100 man—-days within a six-—month period to remove the
last 80 pigs from the Puhimauw unit if hunting with dogs was the
method used. This is equivalent to five crews working for nearly
the entire six-—month period f(assuming five-day work weeks). A
total of S8B0OO man—days of hunting would eliminate the Fuhimaw pig
population in five vears. The optimum harvest strategy will
depend in part on the logistics of supplving manpower, dogs and
equipment for a given unit. We stress, however, that the cost of
control will vary greatly. depending on the standing crop, even
if & single control method is used. Normally, costs will
accelerate over time until extermination is accomplished.

We have considered onlyvy one pig control method here. Our analysis
of the Deputy Fanger Frogram found that it was successful in cases
where the management unit was a self—-contained area of less than
S00ha of accessible pig habitat. Fig-proof fencing in conjunction
with natural hartriers is necessary to eliminate pig dispersal,

and mopst of the area must lie within 3I00m of a road or major



trrail. Overall, while the program has not been detrimental, it
has not soclved the pig depredation problem, mor is it likely to in
the future. This does not mean that some form of hunting may not
be a useful control method, alone or in conjunction with other
methods. For example, systematic hunting by paid professionals,
or highly organized hunts by many groups of Deputy Rangers

working in concert within a prescribed unit could be tested for
their feasibility and efficiency. If pilot studies proved
favorable the scheme could be expanded and even combined with
other methods. The optimum solution to the overall problem is
likely to require an integrated control strategy involving a
variety of methods ocver space and time. Under the special
circumstances outlined above, the Deputy FRanger Frogram may have a
place. QOtherwise it only provides another, rather

unconventional, recreational use of a National Park.

Finally, we must comment on one additional aspect of the Deputy
Ranger Program. Sport hunters tend to be bound by tradition.
Having put an investment of time and energy into learning the
details of a given hunting ground, they resist moving elsewhetre
uwriless their success rate declines below some threshold. That
threshold for pig hunters in the Hilo area of Hawaii is high
relative to hunters in Los Angeles, but since hunter success in
Hawaii Yolcanoes National Fark remains high by most standards,
even after decades of hunting, the existing body of Deputy
Farmngers has a strong interest in preserving their opportunity. A
few individuals may go so far as to release domestic pigs or
piglets caught by dogs. Releasing castrated boars for later
harvest as barrows is less impotrtant, but from the Fark®s point
nf view, it would be preferable to remove the animal immediately.

The key to success with any control program in which local
evtermination is a goal is to make it very clear to public
participants that their expectations as well as their rights must
be limited. While they may be vocal and carry considerable
political weight locally. they should realize that they must
avantually abide by the wishes of the public at large. which has
clearly stated its interest in the preservation of natural
gcosystems of, and opposition to public hunting in National
Farks. This national interest is expressed in the form of
federal legislation and agency regulations which have priority
aver state and local interests on Federal lands (Wood and
Rarrett, 19795 Singer, 1981). We recognise that on other lands
pig huntirng may be a legitimate and even major land use with a
managment qoal of maximum sustained vield.
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_TRBLE !. Estimated areas and feral pig carrying capacities for sanagement units of Hawaii Yolcanoes Hational
Fark. Land within 500 aeters of roads and aajor trails is considered accessible.

UNIT NON-  HABITAT PERCENT  SUB- SUBMONTANE OHIA- MONTANE  OHIA-
NANE TOTAL (PERCENT) HABITAT  TOTAL ACCESS. ALPINE SEASONAL  ULUHE SEASONAL HAPU

1, MAUNA LOA  ha 23618 (24 20757 2861 30 861 § 0 20090 0
CE 4208(9) 0 417 17 9 0 400 0
2 KIPUKA KT ha 332 (1 892 440 90 0 0 0 440 a
- CC 70 (2) 0 ] ¢ 0 0 88 0
3. OLAR TRACT ha 4133 (3) b 1 0 ¢ 0 4133
CE 1650 (361 0 1454 0 0 0 0 1634
4, KDOKOLAU ha 6180 (7) 3380 600 63 ¢ 660 Q 0 ¢
cc 30 (1) 0 30 0 30 0 0 0
3. PUHIMAY ha 1438 (2) 203 1255 40 0 § 935 0 300
cc 220 (5) 0 216 0 (! %% 0 120
6. PUL HULUHULU ha 2267 (3 1117 1150 10 4 ¢ 630 a 500
cC 270 (4} 0 263 0 0 - 85 0 200
7. KALAFANA ha 21088 (23) 13610 7478 3 U 2644 2004 0 2830
cC 1470 (32) i 1466 0 132 200 0 134
8. AINAHOU ha 4615 {9 2860 1735 b3 ¢ 1000 133 il 0
£t 130 (3) ] 126 0 ] 76 ¢ 0
?. HILINA FALI ha 1825 4) 3123 760 45 0 300 200 0 -0
e 30 €1 0 45 0 25 Y 0 0
16, KAU ha 19485 121} 17280 2205 20 J 2205 { d i
cC {10 (2) 0 110 q {10 g ] G
i1, KILAUEA ha 3090 (3) 2602 4868 39 0 ] 30 288 150
e 120 i3} : 0 120 f { 3 33 6
TOTAL PARE  ha 91093 (100Q) 68026 23067 ] 261 4949 4614 2z 7913
t 4360 {100 g §337 17 347 362 FLX 3168
g 19 20 40

WEAN PIGS / kaZ 3 ¢ 20 _ 2

# farrying capacity estisate rounded to nearest 10 pigs {over siy asonths of age).




Table 2.

Summary data
Deputy Ranger Frogram,

Hawaii

{(mean and standard deviation:’

15

+or the

Yol canoes MNational Fark.

Pig Mgmt. Unit

m

i

Hunter Groups 72-77%

8.0{(2.36)

10.35(4.44)

79-82%% 1.8(3.735} 4.0(3.63} 1.5(2.07)
Recorded Kill 72-77 2.142.83) 4.2{5.77} -
79-82 0.3(1.03) 2.2(2.62) G.9(1.82)
Eill /Group 72-77 0.3(0.40) 0.4(0.40) -
79-82 0.20(0.42) 0.9{(0.32) 0.2(0.49)
Success (%) 72-77 14(14.8) 24(17.5) -
79-82 12(72.2) 31(32.4; 19(32.7)
Hunter—days 72-77 21.4{8.78) 22.7{(11.3) -
77-82 I.7{(7.8671 7.8(7.82) Z.0(4.47)
Fig Mgmt. Unit 4 5 &
Hunter Groups 72-7 1.8(1.61) 4.4(2.03) 1.8(1.47)
79-82 0.3(0.47) J.2(2.83) G.4{(0.78)
corded Kill 72-77 0.8(1.81) 2.3(2.Z28) 3.7{1.52)
79-82 0.1(0.37) 1.5{1.4&7) D.1(6.21)
Hill/Group T2=77 0.3(G.92) 0.5(0. 584 C.40{(0.56F)
79-82 0.1(0.19 0.4{0.43) Q.04(G. 173
Success {4) 7277 20(32.8) 35(30.6) 22{(32.3)
77-82 3{17.5} Z4{Z3Z.4) 4(1&.9)
Hunter—davys 7277 I.5{4.01) 3.1(4.445) S2.3(32.08)
79-82 0.8(1.35) 5.7 (53.9%) 3.6(1.34)
* n = 5& T xw n = 42 T T
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Table Z. {Continued)
Fig Mgmt. Unit 7 8 g
Hunter Groups 72-77% S.3(2.28&) 1.4(1.246) 1.7¢(1.34;
72-BZ2%» 4.4 (Z.33) 1.2(1.93) 0.4(0.82)
Recorded Kill 72-77 2.8{(2.17) 0.2(0.437) 0.04(0.18)
79—-8Z 5.7(5.85) 1.1(¢(3.32 G.02{(0.15)
#ill/Group 72-77 1.7¢(1.19) 0.1(G.22) 0.C1{0.G7)
72-82 1.0{G.99) Q. 4(0.207 0.02{(0.15)
Success (%) 72-77 61 (26.9) 7(18.7: 1(7.30)
79-82 45(38. 23 22(37.7) 2(1S5.2
Hunter—davyse 7277 12.&6(8.45) Z.0{Z.24) Z.B(Z.92)
79-82 10.2{2.55? 2.4(4.01) Q.7(1.462)
Fig Mgmt. Unit 10%%% 11 Fark Tgotal {Zmo;j |
Hunter Groups 72-77 - 2.6(1.75) 110¢(15.2)
7e-82 0.3{G.37) 1.06(0.82; 5S5{30.3)
Recorded Kill 72-7 - S (0.89 &G {(27.7)
79-82 Q. {006 J.;\\.?Ti I8(18. &}
¥ill/Group 72-77 - O.:fﬁ.EQ) G.5(0.24)
7e-82 C.O (0. 00) O, 1(G.35) G.7{G.322
Success (L) 72=-77 - 14{(21.7) Ii(?.03)
79-82 {0 00) 13(29.8; 21 {9.25;
Hunter—days 7T2=-77 - 4,.3(3.23) 241 (32.4)
79-32 T.5{0.24) 1.3{(1.25) 113(5&6.7"
"% n = 56 %% 0 = 42  *xx n =19 1 nm = 18 % 14 N
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Tabhle Z. Estimated average monthly costs and benefits of the
pig hunting program, 1972-1982, Hawaii Volcanoes
National Park.

Item Amount per Month tnit vValue Total Value
CosTs
Ranger enforcement 2 man—-days 85 £170

(licensing, patrolling, public contact, court)

Fesource management 4 man-—days s80 EIT20
(monitoring, data summarization, additional hunting)

Deputy ranger expense 25 trips 25 BO2T
{milage. dog care, weapons, ammunition)

Total Cost per Month $1115

BENEFITS

Hunting recreation 60 hunter—days $10 BLEOO
(estimated average "willingness to pay')

Meat 40 kg s $1620
(20 pigs # 40 kg/pig % 67 %4 dressed carcass)

Reduction of damage 18 ha a0 $940
(vegetation, erosion, native fauna,
aesthetics: all losses due to rooting of
about 25 mZ per pig per day by 20 pigs
in 20 days, and damage lasts for 12 mo:
conservation easement cost for ha of similar
alternative land for 12 mo)

m— ot ot oot ot daate e s

Total Benefit per Month $2740

BEMEFIT/COST RATIOS

-
- B

1.

Renetit/Cost Ratio for Huntere
Benefit /Cost Ratio for Fark

= Lf

Overall Benefit/Cost Ratio 2.5
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AFFPENDIX A.
DATA BASE CONSTRUCTION FOR FIG HUNTING RECORDS

All available data from the files of Hawaii Volcanoces National
Fark on the number of wild pigs killed over the years were entered
into a VISIFILE data base management system (Ewing, R. 1982.
VISIFILE user®s guide for the IBM Personal Computer. VisiCorp
Personal Software, 2895 Zanker Road, San Jose, Ca 95134). Most
records were for 1972 to 1983 and included hunting effort by
deputy rangers. A separate file was greated for each pig
management unit (Table 1) so that plenty of additional space would
be available in each file for additional data (each file can hold
up to 32,000 records).

TABRLE 1

VISIFILE FILE NAME WILD FPIG MANAGEMENT UNIT

HFEUL ' MAUNA LOA

HPKUZ2 ' KIPUKA KI

HPEUS OLAA TRACT

HPEU4 KOOKOLAU

HFEUS FUHIMAU

HFPKU& FUU HULUHULU

HFKU7 EALAFANA

HFEUS AINAHOU

HPKUS HILINA FALI

HPEULO kAU

HFEUL L K ILAUEA

The value of having large numbers of records such as the pig kill
data stored in a computer data base lies in the computer™s ability
to sort out data of interest, perform desired calculations
rapidly, and display the results in tabular or graphic formats.
Updating and resummarizing an ongoing monitoring effort becomes a
relatively easy process with a computerized system. It is also
easy Lo revise the data base if errors are detected in the future,
and then recalcul ate summary statistics.

All VISIFILE files for the pig managment units were constructed
with an identical format so they could be combined into one large
file if desired. There are 12 fields per record (Table 2A,EK,C),
plus the record number, including eight that reqgquire original data
and four others filled by calculated field formulas (eg. total
kill is the sum of boars, sows, and unknown sex kills). One
record represents the data for one month. In the future, it would
be easier to enter data from forms designed similarly to the
record format. A total of 124 records (months) are now in the
data base (November 1972 through Febtruary 1983).

All data were double-checked so they should be accurate relative
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to the original data forms. The accuracy relative to the true
hunting effort and true pig kill is unknownji meost likely all
records are underestimates. I+ at a future date there is good
reason to modify a record it can easily be done. No data were
available for fiscal years 1977 through 1979. Therefore, the
zeros in these records represent missing data rather than zero
values.

I+ the VISIFILE data base managément system is used to store
future pig kill records, the information in Tables 1 and 2 is
sufficient, in addition to that in the user®s manual, to access

the data base.

The remainder of APFPENDIX A is a hard copy of the data base as it
now stands.

TABLE 2

THE THREE PARTS OF THIS TABLE ILLUSTRATE THE FORMAT FOR THE TWELVE
FIELDS FOUND IMN EACH FILE RECORD. SEE VISIFILE USER’S GUIDE FOR
DETARILS.

 FILE=HFKU1

FIELD NAME - SIZE TYFE FROT START
L Toaa. M oL... N
T S T owwa N ... N
CGROUFES . s v s wme e e e SR X R
DB CESS e e v s v e n s = Y I X
ErHUMTERS. v v cw e s A X R R
LT =1 T M oueee Mo
=Y 111 = S, = Mo owwuwe M ...

o bdNET . v e mnw o e wn s = M oaw.. N ...
T—SEXRATIO e s e T oae. M o.... N
T=TOTEIL L e v v ewaewse & wuw N wu.. N

b T/ ORF . w n e e a s Toawe M o.M g
L=k T A HNTR . v e w o T MoLL.. M ... I

CALLCUHATED FIELD FORMULAS

I=F/G® 1001 J=F+G+H: k=] /C1l=d /E:
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1 VISIFILE — FILE DEFIMITION 07149

FILE NaME FARSWORD

HEED

DATA TYFE PROTECTIOM

0
b~
]
im

FIELDH# FIELD N&ME

1 TR =2 i M
DATA TYFE
ey MO = M M A=Al pha-numeric
M=Numeric
3 GRAUFRS 2 M M D=Date as MM/ DD/YY

S=futo—stamp todavy s date
! ABUCCESS = M M $=Dopllars % cents

b HLMTERS il M M FROTECTION

. M=Nonre
& BOARS ) M M Y={Update rnot allowed
7 S0WS A N N

= UREN = i N

Fi=Fage Forward Fia=Fage Rachkward Fi=Cancel Fd=0ore

T FABE 2 VISIFILE — FILE DEFINMITION : 075!
FILE=HFECRATR
FILE MaME : FASSWARD

e -
On-29-87

HFEELIL L

FiELD# FIELD MAME ZIZE DATA TYFE FPROTECTION
o BEXRATIO = M M

DAETA TYRE
10 TOTEILL 4 N ] A=Al pha-numsr 1o
M=Mumeric
11 EILL SGRPR = i B D=Date as MMADD/YY
. S=futo-stamp todavy™s date
120 KILL SHNTH =t L] ] $=aollars & cents

LI - 0 ] ) FROTECTION

M=flcre
1 el 0 £ i Y=lpdate not allowed
L G A N
1é i) £ Y

-

Characters remaining = 20Z7
FlePage Forward Fi=Fzage Backward Fi=Cancel Fa=Dan
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23-8% Fage 1 of 1 VISIFILE - FILE MAINTEMANCE RCD# 0 124 O7145

RS MO BROUFS wSBUCCESS HUMTERS ROAERS S0OWS

LIE R SEXRATIO TATEILL EILL/GRF EILL/HNTR

dd Mew Data PRecords

CHANBE DELETE VIEW SELECT--REC INDEX MaF @

1 ot 1 YISIFILE — FILE MAINMTEMANCE FRCDH oA A Bt S S I

movs WMo T GROUFS 9 YSUCCESS 11 HUNTERS 42 BOARS 1 S0WS 2

aTI00 S0 TOTHILL TORTLL/GRFE V3T HILL/AHNTR L OF

DELETE LTEW BELECT-REC INDEX MeF G
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APPENDIX H. DRAFT &-1-83
MODELING POPULATIONS WITH EXISTING MICROCOMPUTER SOFTWARE

REGINALD H. BARRETT, Department of Forestry and Resource
Management, tniversity of California, Berkeley, CAR 94720

The purpose of this paper is to advertise the ease of using
business oriented financial planning software on microcomputers
for modeling the dynamics of wildlife populations. Conceivably
even field personnel in remote locations could purchase, set up
and run this equipment without more assistance than that available
in the manuals provided at the time of purchase. Knowledge of
popul ation dynamics would be required of course.

Wildlife biologists have been interested in modeling wildlife
population dynamics for many years, but most efforts have
required the development of specialized programs for use on main
frame or minicomputers. While those with access to these larger
computers have found population modeling useful in managing
certain species of ungulates (Walters and Gross 1972, Conley
1978), carnivores (Bunnell and Tait 1978), small mammals (Conley and
Nichols 1978), waterfowl (Cowardin and Johnson 1979), upland game
(Lobdell et al. 1972), raptors (Grier 1980), songbirds
(Pennycuick 19697) and reptiles (Nichols et al. 1976), the
majority of field bioclogists are stationed too far away from such
machines to use them regularly. Moreover, most field biologists
do not have the programming skills to use the larger computers
effectively.

After having spent a considerable amount of time attempting to
adapt existing programs to large and small computers, and even
attempting to write my own programs, I discovered I could
construct "templates!" for a "spreadsheet” program to model a wide
range of wildlife species from elk (E£laphus canadensis) to nene
(Brantae sandvicensis) with relative ease. Moreover, by
obtaining a graphics program that would interact easily with the
spreadsheet program I could readily graph my results for more
effective communication to others. Therefore, despite easy
access to a large computer, I have found that the portability,
low running cost and undisturbed access to the "user friendly”,
personal computer software have more than offset the capital
outlay for the system. -

THE GENERAL APFROACH

While I used VISICALC (Wolverton 1981, Williams and Taylor 1981,
Castlewitz et al. 1982) and VISIPLOT (Ewing 1982) on an IEM
Personal Computer (Goldstein and Goldstein 1982) with 128K random
access memory {(RAM), the same approach could be used on any of a
variety of similar spreadsheet programs available for a host of
different microcomputers with as little as 64K RAM. Several
newer programs encorporate the modeling and graphics capabilities
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into just one program, making the process even simpler than
described here.

All spreadsheet programs are designed to mimic a large ledger
comprised of a matrix of "cells" into which can be entered lables
or values. Values can be entered directly as raw data, such as
the number of individuals in an age class, or as the result of
functions. Functions are important in modeling as once an
initial population structure, a carrying capacity and a harvest
regime are entered, all following values are computed on the
basis of functions built into the template. This template, or
matrix of functions, comprises the basic model and can be stored
for future use on magnetic tape or disk so the numerous functions
typically involved do not need ta be reentered manually at each
modeling session. A different model (template) would be
constructed for each species and even for different populations
of the same species from different environments.

Constructing A Spreadsheet Tewmplate

First the problem must be defined (Tipton 1977, 1980:214). A
typical question is how will a specified harvest scheme affect a
popul ation? The procedure then consists of two major exercises.
First, a template is constructed without reference to particular
carrying capacity, harvest or sex—age structure valuesi: only sex
and age specific natality, and survivorship data (assuming zero
digpersal) are required at this stage. The first step is to
determine the time interval for the model as each period will
require one row across the spreadsheet. A year or &6—month
interval will be appropriate for long-lived species, but those
living only 2 years, for example, should be modeled with 4-month
to l—-month intervals. The time interval automatically determines
the number of age classes that must be considered, thus there is
a tradeoff between the detail of the model and the total number
of periods that can be included in one run for a given amount of
RAM. It is possible, but inconvenient, to "recycle"” a run by
moving the last line of the spreadsheet ta the first line by
means of a data interchange format (DIF) file (Kalish and Mayer
1981). With VISICALC this takes 2 to 3 minutes. If a great
amount of modeling is expected it would be advisable to purchase
more RAM, allowing a bigger spreadsheet.

I+ a density dependent model is desired, age specific natality and
survivorship data must be available, or estimated, for the
population at carrying capacity (CC), and alsoc when it is very

low relative to CC. I use CC here to mean "ecological carrvying
capacity” (Caughley 1977), or "equilibrium density"” (Fowler and
Smith 1973, Savidge and Ziesenis 1980:406).

Although nonlinear relationships between age specific natality or
survivorship and density can be modeled, I suggest that simple,
linear functions be used unless emperical data suggest otherwise.
If a variety of age specific functions with differing slopes are
used the resulting relationship for the population as a
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whole may be curvilinear. For example, to formulate a function
for the survivorship of yearlings relative to density of the
entire population it is determined that survivorship is about 70
percent when the density is very low and about 30 percent when at
CC. By using the ratio of population size to CC as the
independent variable, a simple linear regression can be derived
with a suitable hand calculator. In this case the two pairs of
data (0,.7 and 1,.3) vield the function:

Survivors = Yearlings x (0.7 - 0.4 % Pop/CL),

where —-0.4 is the slope of the regression. 0One can
calculate that in this case no vearlings would survive if the
adult population reached 1.75 times CC.

Similarly, if it was known that yearling females produce an
average of two young per year under optimum conditions but none
when the adult population is at CC the twa pairs of data (0,2 and
1,0) could be used to construct the following function:

Births from yearlings = Yearling females x (2 - 2 x Pop/CC).

Using the same procedure to derive the production from all age
classes, the total number of births for a given time interval is
obtained by summation. Greater knowledge (or an active
imagination) may allow more complex functions to be constructed:
however, those illustrated here are the simplest to start with,
being analogous to the logistic model (Savidge and Ziesinis
1980) .

Constants for each run may be entered at the top of the
spreadsheet in cells within a heading composed primarily of
lables, such as a title or brief instructions for running or
printing the model. For example, CC (if constant throughout a
run) and harvest (absolute or percentage) could be entered here to
minimize the need for additional columns in the model itself. At
least one summary statistic, total population, must be located in
a column to the right side of the spreadsheet as this is the
output that one would normally wish to monitor. It is also more
efficient to similarly list any summary statistics that will be
used as variables in functions over time, e.qg. the ratio of
population size to CC.

When natality and survivorship functions have been developed for
all age classes expected they are entered into the spreadsheet
and the model is run for a constant CC (say 1000) with no
harvest. If all the functions within the model are internally
consistent the adult population should stabilize in due time at
the designated CC regardless of the starting population structure.
Rarely will this be the case, however. Normally the model must
be "fine tuned" by repeated, judicious adjustments of the
natality and survivorship rates. 8ince reproductive information
is generally more readily available, I suggest that most
adjustments be made in the survivorship functions. It will



become evident that a change in the survivorship functions for
younger age classes will have a much greater effect than similar
changes for older age classes. Therefore the final, very small
adjustments are most easily made in these older age classes.

Especially for prolific, short—-lived species for which the time
interval in the model is a whole year, the initial run may
produce a cyclic population pattern. If the available data for
natality and survivorship are suspect, and the species is known
not to be cyclic, then the regression intercepts or the slopes
should be lowered until the population stabilizes. To adjust the
stable point upwards increase the intercepts and vise versa. The
details of which age classes should be adjusted, and within what
limits, must be left up to the best judgement of those most
familiar with the population concerned. When the model
stabilizes the adult population at the designated CC the first
major part of the modeling process is complete, and the template
should be stored on two or more tapes or disks for safekeeping.

Running The Model

The second major exercise involves repeated runs of the basic
model with varying combinations of values for 1) carrvying
capacity, 2) initial population sex and age structure, and 3)
harvest regime. The output for each run appears as a matrix of
values for the number of individuals in each sex—-age class for
each time interval, plus any additional summary statistics
desired or reguired to drive density dependent functions. Total
population, percent harvest, births per 100 females and sex
ratios would be typical summary statistics. The only limits to
such data are one’s imagination and the amount of RAM available
beyond that used for the basic population structure matrix.

Each column of the spreadsheet represents the values for a
particular statistic over time and can be saved in a DIF file for
storage or transfer to a graphics program such as VISIPLOT. This
particul ar software package generates line or bar graphs,
including multiple lines or even combinations of lines and bars
on one graph to represent, for example, the change in adult
population (line) relative to a periodic harvest (bars) over
time. By combininmg DIF files for the same statistic one can
produce a graph of several model runs, thus extending the total
time involved to over 200 periods.

As outlined so far, a spreadsheet population dynamics model could
be described as a relatively complex, thus realistic simulation
model using difference equations to provide deterministic
predictions for applied biologists (Tipton 1980). Limitations of
such models include: 1) not being able to readily calculate
optimum solutions to problems, as is possible with analytical
modelss 2) difficulty mimicing continuously breeding populations
without using inordinately short time intervals; 3) difficulty in
obtaining accurate estimates of the many necessary parameters:
and 4) the lack of comsideration for stochastic effects.



The last item can be delt with to some extent. By rounding all
results to integers one can at least deal in whole animals.
Nevertheless, the models work best for populations over 100
animals. Variations in carrving capacity can be modeled by
manually entering randomized values based on frequency
distributions for weather patterns ar food production. Harvest
schedules can be similarly randomized before entering. VISICALC
does not encorporate a random number generator, but other
spreadsheet software may. If so, repeated runs could be made
more readily to determine means and variences for output variables
of interest.

AN EXAMPLE

The following example is explained in some detail to illustrate

one way of constructing a population dynamics model for

simulating the effects of various harvesting schemes on a feral

pig (Sus scrofa) populationm in northern California (Barrett

1978). The values used are based on over 10 years of observations in
California, the details to be published elsewhere, plus additional
observations in Australia and Hawaii. My intent here is not to
justify the accuracy of this particular model, but to use it as

an example of the kind of work that can be accomplished with
commercially available spreadsheet software for a microcomputer.

The pig model utilizes a 45— by 45-cell spreadsheet requiring
128K of RAM. The default column width of 9 spaces per cell is
used, but all functions are computed to 12 places and rounded to
the nearest integer. Calculations proceed from left to right
across rows, starting at the top left and finishing at the bottom
right of the matrix. One run through the 2025 cells requires 45
seconds. The layout consists of 2 sets of population structure
data (for boars and for sows) based on a é—-month time interval
(137 age classes plus totals by 40 seasons or 20 vears, plus 4
rows for labels at the top), and one set of 15 summary
statistics. This layout was designed to be printed by an Epson
MX80 printer using "compressed type" (Lien 1982) with the 3
sections placed one after the other on 2 standard, letter-sized
sheets of paper (Figure 1).

With the necessary biological data in hand it took me a day to
construct and fine-tune the basic model. The details of the
functions and summary statistics are listed for the first & rows
of the spreadsheet in the Appendix. The fine—-tuning was
accomplished by varying the survivorship functions as described
above. When attempting to enter such large numbers of functions
into VISICALC one should switch the recalculation command to
manual start mode and work from left to right down the rows.
Once row & (the second time interval) has been entered, all
remaining rows can be filled in a few minutes with the VISICALC
replicate command. With more RAM the number of rows, hence years
in a run, can be increased accordingly. Each row of the pig
model regquires about 2K RAM.



The model assumes that both sexes have identical

survivorship functions and that the primary sex ratio is

even. It also assumes that animals over & months of age are
adults, that only adults are harvested, that they are harvested.
non-selectively for age, and that only the adult

population is important in determining the degree of
intraspecific competition. Moreover, it is assumed that the
population is food-limited, that natural predators are
unimportant, and that both natality and survivorship are linear
functions of the ratio of the adult population to seasonal CC.

Sows produce their first litter when about a year old and
continue to farrow about twice a year thereafter (Barrett 1978).
Thus, birth rates represent the average number of young produced
per sow for each 6-manth season (fertility and fecundity are not
distinguished), modified by the pre-harvest population to CC
ratio. Survivorship is a function of the adult population
remaining after harvest relative to the seasonal CC. Hence,
hunting mortality is assumed to be compensatory with natural
mortality. The density dependence of piglet survival is assumed
to be considerably greater than that of adult survival; in fact,
this is the primary regulatory mechanism in the model. There is
nothing sacred about the assumptions used; the model could easily
be modified to encompase different assumptions.

Once established, the basic model was run to determine the stable
age distribution at CC and for a range of harvest rates (1 to
58.3%). 0Over 100 years were required for stabilization with the
higher harvest rates. A summary of these results is presented in
Figure 2. 0Of greater practical value would be analyses of
harvests selective for older boars or other classes, or of known
harvest schedules if the data were available.

I also ran the model after entering seasonal CC’s randomized
separately for fall-winter (to mimic variation in acorn
availability) and spring—-summer (to mimic variation in the effect
of spring rainfall on the availability of green herhs). The
impact of these stochastic patterns along with no harvests, and
with the sex—-specific harvests recorded for the Dye Creek
Preserve is illustrated in Figure 3.

SUMMARY AND CONCLUSIONS

The example above illustrates the considerable power now
potentially available to any field biologist willing to make a
modest investment of time in learning to use easily obtainable
software for microcomputers. I invested approximately 20 hours
in learning to use the basic spreadsheet program. Population
modeling is only one use of this equipment. However, population
modeling alone would justify the use of these tools by a
hiplogist charged with managing important wildlife populations.

A competent programmer could write similar, but more efficient



modeling programs for specific cases (possibly based on
spreadsheet prototypes). Unfortunately few such programs are
presently available to the average field biologist. An important
aspect of building one’s own models on site with easy-to—-use
software is that field biologists are more likely to enjoy the
satisfaction of using their own creativity and intimate knowledge
of local populations to build models tailored to their specific
needs. They are alsa likely to develop a better understanding of
the dynamics of the resources they must manage in the process.
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Figure Headings

Figure 1. Example of printout from a VISICALC model for

simul ating feral pig populations. Only 2 time periods are shown.

Figure 2. Sustained vield (A.) and instantaneous rate of increase
(B.) implied by the natality and survivorship schedules
incorporated in the feral pig model. Harvest rates (% of
pre-—-harvest adult population) are indicated for selected points
along each curve.

Figure 3. Simulated response of the Dye Creek feral pig
population to random variation in the seasonal carrying capacity
(A.) and in addition, sex—specific harvests as recorded by the Dye
Creek Preserve (BR.). Harvests prior to 1947 are estimates based
on the record for 1967 at which time there was selection for

trophy boars.



_FERAL PIG POPULATION MODEL - SIX MONTH CYCLE - LINEAR DENSITY DEPENDENT REGULATION BY SEASONAL CARRYING CAPACITY - PERCENTAGE HARVEST
This version calculates starting {stable age) structure from given CC - ENTER CC HERE[KZ1{

VEAR N 6.5
StartPop 2
] 2

YEAR F 6.5
StartPop 2
.3 2

T TO0T 3#MTOT 34F
127 127
127 127

N&.0
ta

3
F 6.0

3
3

N335 HA5.0
B 12
B 12
F535 FA&.0
| 12
B 12

TAT AD SEAS.CC PreHvN/K

1000
1000

1000 1.000019
1000 1.000019

M 4.5
17
17

F 4.5
17
17

M40
23
23

F 4.0
23
23

ADDPBL TOTPGLTS

1483
1483

1918
1918

M35
28
28

F 1.5
2!
28

10T POP
2918
2918

N30
1B

3

F 3.0
33

33
Hvll T+

0
0

M25
39
19

F 2.5
19
39

HvF T+
0
0

1000} AND PRESS !
Print instructions: /GFI/PP"*HOF~HSF 045 W3 Use this template to set up a runj update legend before printing.

N 2.0
4
44

F 2.0
44
4

H1.5
38
a8

F 1.5
a8
38

M10
177
77

F 1.0
77
77

¥ 0.5
153
133

F 0.3
133

153

TOTAL M
300
500

TOTAL F
500
500

% Hv PostHvN/K B: 100508 P:10050W R:10050W

0
0

1.00
1.00

100
100

384
I84

61
61
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APPENDIX

The following is a listing of the first &6 lines of a VISICALC
template designed to model the dynamics of a harvested feral pig
population. The alphanumeric designations to the left indicate
the template cell-into which the material following should be
entered. Letters indicate columns (1-45).

Al:"FERAL PIG
Bil:" POPULATI
Ci:"0ON MODEL
Di:"- SIX MON
Ei1:"TH CYCLE
Fl:v— LINEAR
G1:"DENSITY D
H1i: "EPENDENT
I1:"REGULATIO
Ji:"N BY SEAS
k-1 "ONAL CARR
Li:"YING CAPA
M1:"CITY - AB
N1:"SOLUTE HA
01: "RVEST
Fl:"»>P3 /PPY"™
@1:"HOF~H3F A
R1:"D45S *AL3
AEL1: " »AET /FP"
AF1: " HOF"HSF
AGL1: "AB4S
AZ:"This vers
B2:"ion calcu
C2:"lates sta
D2:"rting (st
E2:"able age)
F2:" structur
GZi"e from gi
H2:"ven CC -
IZ:"ENTER CC
J2: "HEREAZ (
B2 1000
L2:") AND FRE
MZ2:"88 !
AZI"Print ins
BZ: "tructions
CZ:": /BFI/PF
Za e HORFHSF
E3:" 045 W3
Zi"Use this
B3 "template
HZ:"to set up
IZ:" & runsi u
Ii"pdate leg
IV "end befor



142
Ja:
k45
La:
M4z
N4
04:
Fa:
Q4:
R4:
54:
T4:
Ua:
va:
Wa:
X4:
Y4:
Z4:
ARG
AR4:
GC4:
AD4:
AE4:
AF4:
AG4:
AH4:
Al4d:
Ad4:
Ak4:
AL4:
AM4:
AN4
AO4:
AF4:
AG4:
AR4:
AS4:
AT

n

1"

"

e printin

<
m
D
)

. a s % & &
oo ouuocuuouUon

—
a

TITITITITITI11711111111111['1?';3333333333333
HHEMNMRNAEGRR,UOA0DI O rRMNEWERPOOD

= & = 3 j]

oo omoud

a
"

0.3
TOTAL F
TOT Z+M
TOT Z+F

TOT AD
SEAS.CC

" PreHviN/E
ADDFGL.
TOTPRGLTS
TOT POF
HvM T+1
HvF T+1

% Hv
FostHvN/E
B: 100S0W
F:10080W
R:10050W
StartFop

BS:+EZ2% ., 0018852023
CS:+kI% . 004670101
DS +k2%, 0077168832
ESs +k2%, 011872170
FO:+k2%,. 016760370
GBS +H2*, 022613940

r3



HS: +K2%,. 028267520
15 +Kk2%, OIT255980
JO.+E2%, 039124760
KL +K2%, 04602923
LI:+K2%, 057536740
MS: +K2%, 076715940
NS: +K2%, 133433600
0S5:@8UM(BI. . . N3)
FS:" StartFop
Q5. +BS
RS:+CS
S59:+D3
TS: +ES
US:+FS
VS +GS
W3: +HS
XS5:+15
Y35:+JS
25:+K5
AAS: +L.5
ABS: +MS
ACS: +N3
ADS: BSUM (RS, . . ACT)
AES: BSUM(BS...13)
AFS: BSUMRS. . . X3)
AGS1@IF ((O5+AD3) <=0, 0, (O05+ADS) )
AHS T +K2
AlS: /FG+AGS/AHS
AJS: ((BS+ZS) *# (6.6~ (. 4%AIT) ) )+
((RI+YS)* (7. 0~-(, I*AIT)) )+
((ST+XT)# (7. 4— (. I*%AIS) ) )+
((TO+WI) *# (7, 7—(. Z*AIS)) ) +
((US+VS) # (B. 0O~ (. Z#AIS)Y))
AKS: (ARS* (L. 1~ (1. 2*#AIS) ) ) +
(ABS* (S.0- (3. 0*AIS)))
ALS: +AGS+AKS
AMS: +AGS*0 /2
ANDS: +AMS
A0S : (AMS+ANS) /AGS* 100
ARSI /F$ (AGS— (AMS+ANTS) ) /AHS
ARS: +05* (100/ADS)
ARS: +AKS* (100/ADD)
ASS: (NS+ACS) *# (10OOG/ADS)
Ab: /FG+.5
B&: (CS—~((CS/05) #AMS) ) % (. 60~ (, 20%AFS) )
Co: (D= ((DS/05) *AMS) ) * (. 80~ (, 20%48P5) )
D&: (ES—( (ES/03) *AMI) ) # (, 85~ (. 20%AF5))
Eo: (FS=((FS/05) #AMS) ) % (. 0~ (. 20%AFS) )
Fo: (GBS~ ( (E5/03) *AM3) ) % (. 9SS~ (. 20%AFS) )
Be: (HS~ ((HS/05) *AMST) ) % (, 95~ (. 1S*AFS))
He: (IS~ ((IS/05)*AM3) 3 % (, 95~ (. LO*AFPS))
I6: (IS~ ((JS/05) #AMS) ) % (., 95— (. 1O*APT) )
Je: (KO- ((S/05) #*AMSI) 3 % (. 95~ (. 1Q%AFD))
Ha: (LS~ ((LS/05) *AMS) ) # (. 95— (. 15*AFS) )



Lo (MS-((NS/03) #AMS) ) # (. F0~ (. 1S*AFS) )
MEIBIF ( ( (NS—((NS/035) *AMS) ) * (. 80— (. Z0*APT) ) ) <=
O,y ( (NS~ ((NS/03) *AMS) ) # (. 80~ (. J0*AFIT) ) ))
NGIRIF(((AKS/2) # (.70~ (.54%AF5) ) ) <=0, 0,
((AKS/Z2)* (. 70— (. 54%AF5) )) )
06: @SUM(B&. . « N&)
P& /FG+.3
B6: (RS- ((RS/ADT) #*ANDS) ) » (. 60~ (. 20%APS) )
Ré6: (85— ((85/7AD3T) *ANS) ) * (. 80~ (. 20#APS) )
86 (TS—((TS/7ADS) #ANS) ) # (. BS~- (. 20#APT) )
Té6: (US—-((US/ADS) *ANS) ) * (. 90— (. Z0%AP3) )
Us: (VI~ ((VS/ADS) #*AND) ) # (. 95— (. 20#APT) )
V62 (WS- ((WS/7ADS) #*ANS) ) # (.95~ (. 15#AFT) )
WE: (XS—((XS/7ADS) #*ANS) ) # (. 95~ (. 10*APS) )
X6: (YS— ((YS/ADS) #ANI) ) # (. 95— (. LO*AFS) )
Yb6: (Z5~((Z5/ADT) *ANS) ) * (. 95~ (. 10#APST) )
261 (AAS— ( (AAS/ADS) *ANS) ) * (. 95— (. 15*AP3) )
AAGL: (ARS—( (ABS/ADS) ¥*ANID) ) *# (. 90— (. 15#AF3) )
ABL: BIF (( (ACS—( (ACS/ADID) #ANS) ) # (. 8B0— (. ZQ*AF3) ) ) <=
0,0, ((ACS- ( (ACS/ADS) *ANS) ) * (. B0~ (. TO*AFS) ) ))
AC6: +No&
AD&: BBUM (B6. . . ACH)
AESL: @SUM(B6. .. 16)
AFSH: BEUM(RG. . . X6)
ABLIRIF ( (D6+ADG) <=0, 0, (0L+AD6) )
AH&: +E2
AlL: /FG+ABSL/AHL
AJ6: ((A6+Z26) *# (6.6~ (. 4%*AT6)) )+
((RO+YEB) ¥ (7.0—-(.Z*AIL))) +
((S6+X6)* (7.4 (. 3#A16)) )+
((TE+WE) *# (7.7— (. IT*AL6) ) ) +
((U6+V6) *# (8. 0-(.Z#*A16)))
Ak6: (AAL* (6. 1—-(1.2#AL16)) )+
(ARGO* (S, 0— (T.O*ATIL)))
ALG: +ABL+AKS
AMG: +ABL*O/ 2
ANG: +AM6
ABL: (AME+ANG) /AGLE* 100
AFG6I /F%$ (ABL— (AME+ANG) ) /AHG
ARG +06* (100 /ADG)
ARG +AKSL* (100/AD6)
ASL: (N6+ACH) * (100/AD6)



HOW TO RUN THE FERAL FIG MODEL (TEMFLATE) ON VISICALC (IBM-FPC)

1.

Load VISICALC program disk in left drive (A) and the data disk
with the template in the right drive (B).

Turn on the computer and the printer. The VISICALC disk can
be removed for safekeeping when drive A stops.

Load the program into RAM; watch as the byte indicator in the
top right corner displays the declining space ramaining in
RAM: an exclamation point will display while the model is
making its initial run. {6 minZ

TYFE /SL CapslLock B:FPMODEL.VC <EXx, where <{E>* means enter

Determine carrying capacity (CC=K) for unharvested population
for the area of interest and enter value at KZ. Run model to
establish stable age distribuition of unhunted population in a
stable environment. {Z minz
TYFE 2 <E> .

[carrying capacity valuel <E>

i

Check to see if the "PreHvN/K" column has stabilized to a
series of equal values (column Al should read 1.000019 if the
population stabilizes at CC) for at least several lines. I+
s, proceed to Step 73 if not, repeat Step 6 as necessary until
the above cirteria are met. This should not be necessary if
the harvest columns (AM, AN) remain set to zero as the

template automatically calculates the stable age distribution
at CC. 0.3 minJ

TYPE »AN4S <E>»

This step describes the procedure for continuing a modeling
run for an additional 20 years by "recycling"” the bottom row
of the spreadsheet matrix to the top row. The process can be
repeated indefinitely. If printouts are made for each cycle
they should have the appropriate starting year (y) entered at
AS and PS5 before printing (see Step 9 for printing
instructions). Also, the beginning row, such as the

initial stable age distribution, may also be saved in a
similar manner if additional runs beginning with

this population structure are envisioned (the mechanism for
establishing the inmitial structure is lost after the first
recycling). A "scratch disk" may be used to temporarily save
data interchange format (DIF) files during the recycling
process rather than cluttering up the main template disk (nhote
that only 7 copies of the template will fit on a double-sided
disk so there is not much room left over for miscellaneous
files). Replace the pig model (template) disk with a scratch
disk now (Drive H). {3 min per cycle’



TYFE /S#SEB:L[filename eg.FI1HOYZ0 for pop 1,0 harvest,yr Z201{Ex
AS43 <E>
R
A8 <E>
/S#LB:[filename or -> to see fn on prompt linel <E>
R .
(Return to Step B)

To determine the effect of varying carrying capacity you can
enter any series of values (K) desired into column AH. For
example, you could use percentage deviations from normal rain
fall to modify the average carrying capacity seasonally. Or,
you could simply use random numbers generated for any desired

frequency distribution(s). €4 mink
TYFE >»AHS

CK11:

k211

K451

When you are satisfied with a particular sequence of seasonal
carrying capacities, whether constant or varied in some
fashon, you can look at the effect of harvesting adult (&6+ma)
pigs o a nonselective basis (ie. all sex and age classes are
harvest in exact proportion to their occurrence in the
pre-harvest population). The impact of harvesting will be
most clear when carrying capacity is held constant. Harvests
may be entered as 1) a percentage of the adult population,

2) a constant number over time, or 3) a series of any values
desired (as might be the case if mimicing a historically
recorded harvest pattern). The model will also accomodate sex
specific harvests (but still no selection for age) by entering
different values in columns AM and AN. It is relatively easy
to modify the model (template) to provide for age as well as
sex specific harvests i+ desired, but that procedure will not
be covered here. To harvest a given percentage of the adult
population each season (eg. 304) proceed by editing the

"HvM T+1" column (AM) and running the model. 3 minl

TYFE »AMS <E>

/E=p=p=y=d=r~3Del.3 ZE>
/R ZE¥ )
AM&. AMAS <E:

R

! (Note: when entering starting population
structure from a DIF file manual
recalculation is unnecessary herea)

I¥ you wish to determine how many years are required to
develop a stable age distribution, check column AI for the
year in which the "FreHvN/E" ratip becomes fixed. I+ it is
still changing by year 20 then proceed to the recycling



1Q.

manoeuver described in Step 43 repeat as necessary to obtain
a stable age distribution.

To harvest a variable number of individuals over time simply
enter the desired values in column AM (if both sexes harvested
equally), or columns AM and AN for boars and sows,
respectively. Run the model by typing "!".

The cheapest way to see the results of a run is to scroll
around the spreadsheet. To obtain a "hard copy" of what you
see you may print the entire spreadsheet matrix on two 8.5x11"
pages by breaking the matrix into three equal sections as
follows. Note that the same instructions can be followed
directly on the screen as they are encorporated in the
template heading. {6 minl}

TYFE Home
/PP""HOF~HSF <EX
045 <E> {Note: wait a minute for printer)
WIS CE>
P33 LE*
/FR"~HOF~HSF <E>
AD4S <E*>
AL <E>
*AET <E*
/PPYSHOF~HSF <E>
AS4S <E> (Note: advance printer paper 1 line to
the top of the next page)

To construct a vield curve (af the various absolute harvests
that can be sustained by increasing percentage harvest rates,
for example), make a series of runs, each for a given harvest
rate (say 2.5% increments). You may need to recycle up to
several times, especially with the higher harvest rates, which
take over 100 years to reach a stable age distribution. 8Since
a recycle forces a spreadsheet recalculation you should set up
any new harvest schedule prior to recycling the beginning age
structure. To keep a record of each run you can print a hard
copy. Be sure to note the starting year if not zero at AS and
FS (and the ending year at A4S and F43) before printing.

Also, if you wish to graph the population trend (or that of
any other statistic) over the time it takes the age structure
to stabilize for a given harvest rate you must also save the
appropriate column(s) (AG for adult population) in DIF files
for transfer to VISIFLOT. The following listing is the
recommended sequence for determining the stable age
distribution for a harvest rate of 47.3%; it involves one
recycling. It assumes you are starting with the pig model
template loaded, but no harvest rate has been specified yet.
Finally, it assumes that a scratch disk is in drive B with a
DIF file [BIDCFFRO.DIF] for the stable age distribution at

cc. {20 min}

TYFE »AM& <EX»



/E=p= o pm pm p= 2Dl . 473 <E

/R CE>

AM7.AM45 <E>

R (Note: wait few seconds)
»AS <EX>

/S#LB:—> <E>

R (Note: wait two minutes)
Home
/PP"~“HOF~H3F -
045 <E> (Note: wait two minutes)
W SE®

*PE LED

/PP"~HOF™~HSF ~Ex>

AD4S <Ex {Note: wait two minutes)
>AL3 “E>

*AET <E>

/PP ~HOF~HSF <E>

AS4S <E> (Note: wait two minutes)
>AG4 <E>

/S#SB:DC475X1 <E>

AG4S <E>

c (Note: wait few seconds)
»A4S <E>

/S#SB: X1 <E>

A\
m
N

(Note: if a DIF +ile [B:X1.DIF1 already exists from a prior
recycle just type "Y" and continue since this file space will
always represent one row of the matrix and thus remain the
same size)

AS4S <Ex

R (Note: wait a few seconds)
»AT “TE>

/S#LB: X1.DIF <E>

R (Note: wait two minutes)
20 JE>

PGS CEX

20 <E>

(Note: another round of printing would normally be done here
requiring about & minutes; see Step 9)

*ABS <E>

/SH#SB:DC475X2 «<E>

AB4S “E> -

c {Note! wait a few seconds)

(Note: scroll down column AI until you reach the top row of
a stable seriesi scroll left to column F to read the year:
remember to add 20 years to this value for total years
necessary for the model structure to stabilize-—this will

be some time after the intiger values stabilize on the
printout since the N/K ratio is carried to 8 decimal places)



11.

*F45 <EX

[years to stabilizel <EX

>AR4S <EX>

[Lyears to stabilizel <EX

/S#5B: DCFrR475 <E>

AS4S <E>

R (Note: wait a few seconds)

(Note: now you should have 1) printouts of the matrix over a
total of 40 years, 2) two DIF files [B:DC475X1.DIF and
B:DC473X2.DIF]1 that can be combined to graph population
trend over 40 years using VISIPLOT, and 3) a DIF file
[B:DCFF475.DIF] that can be entered into a new VISICALC
template that will include all files (stable age
distributions) for the set of harvests simulated)

Once you have finished all the runs you wish to make with
VISICALC for the time being you may want to produce graphs of
certain statistics over time, such as the trend in adult
population. This is accomplished most easily if you have
remembered to save all the columns of data you expect to graph
in DIF files. Assuming you have two such files for the trend
of adult population over two 20-year periods and want to graph
them as one 40-year sequence, you are now ready to

switch from VISICALLC to VISIPLOT. If you have not already
removed the VISICALC program diskette from drive A replace it
now with the first VISIPLOT diskette. Make sure the printer
color monitor are on. If you are using a TV set instead of a
color monitor turn it on. Now depress the Ctrl and Alt keys
while pressing the Del key to start loading the VISIFLOT
program. In a few seconds when instructions appear on the
monitor, replace the first VISIPLOT diskette with the second
in drive A and press “EX., The scratch disk with DIF files
should remain in drive B. If you wish to save any graphics on
disk as well as making printed copies you must make sure there
is room (16000K per graph) on the scratch disk or have another
formatted disk ready just for graphics. Attempting to save a
graph on a full disk will destroy both the graph and possible
some other material on the disk.

VISIFLOT commands are used differently than those of VISICALC
in that the entire program is manipulated via a series of
hierarchical menus, each displaying all the available commands
in English. Commands may be invoked by moving the cursor to
the desired action and pressing <E*, or by typing the first
two letters of the command, in which case it will be activated
immediately without having to press <E:>.

TYFE LOAD +«E>

{Note: scroll down list of DIF files until you locate the
cursor on the first one with data you wish to graphi press
<“E*3 you can load only one file at a time although a file may
cantain several series (columns of data)s if the file deoes



contain multiple series you must repeat the following
initialization procedure for each series in the filej if your
file is not on the first screen use [morel] to move on to the
next set of files on the disk)

B:DC473X1.DIF <E>

2 <E> {Note: periaodicity is 2 &6-mo
periods per year)

1962 <E*> {Note: starting year for series)

2 <E> (Note: minor start period is 2nd
half of 1963)

EXIT <E>

LOAD <E>

B:DC47SX2.DIF <EX

2 {E>

1962 <EZ

2 {E>

EXIT <E>

EDIT <E>

TOT AD <EZX> {Note: this series is already
titled because you included the
title by saving the DIF file
from AG4 rather than AGYS)

ESC <EZ

JUMP <E> {(Note: move cursor down to space
below last entry in series)

ESC <EZx (Note: edit menu appears)

FILL <EX

SERIES1 <Ex> (Note: second series of values is
added to bottom of first and the
cursor i1s placed at the last
entry of the first series)

ESC <EZ>

DELETE <Ex (Note: you must remove one of the
pair of identical values as both
are for year 20 of the run)

ESC «<Ex

EXIT <E>

CLEAR <E:> (Note: move cursor down to
SERIEB1 and press space bar then
<E*» to remove excess data from
RAM: you could also SAVE the
newly expanded file in normal or

. DIF format if you expect to use

it again)

FLOT <E* (Note: the plot menu appears)

LINE <Ex

TOT AD <E*

FLOT «<Ex (Note: line graph displayed on

color monitor or TV screen)

(Note: at this point numerous additional embellishments
can be added to the graph including superimposing many
other trend linesi options are so numerous that you



should become familiar with the VISIPLOT user®s manual
to make full use of them: here we will assume the graph
is ready for printingi advance the printer paper 7
lines to center the graph on the page)

ESC <E>

PRINT <E>

DRIVER <E> (Note: wait a minute for driver
menu)

IBM 80CPS MATRIX NORMAL SIZE HIGH DENS 90 DEG ROT <E>

YES <E> (Note: automatic line feed)

PRINT <EX (Note: ensure printer is "on

line" to get action)

{Note: if and when the graph is acceptable you can store
a copy of it on disk as follows:)

SCREEN <E>

SAVE <E> (Note: wait a minute for list
of PIX files)

CNEW FILE] <E:>

[filename] (Note: eg. ADULTFOF)

The graphing process is now complete and you can quit or repeat
any of the routines desired. Make sure you make backup copies of
all important data on separate disksi they have a habit of failing
just when you don’t have time or forget to do the job right. You
can enter DOS directly from VISIFLOT without retyping date and
time by working up the menus with EXIT and QUIT commands.
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AFFENDIX C.
GRAPHICAL FRESENTATION OF

The following graphs were co
base listed in AFPPENDIX A.

DATA FOR THE DEPUTY RANGER FPROGRAM

nstructed from a portion of the data
Monthly data are summarized for sub-

regions and the entire Park on a three-month bases also.

HYNF FPIG MGMT UNIT 1-—MAUNA LOA
Hunting effort..cssevucccenncnnanannnnnnnnnnsas 1
Recorded kill..e.ouveoaoesa cseamaeeena cmenena 2
Mean pigs per group (catch per unit effort)., 3
Group success FatBesessanarnnnssnaansnnaansa 4
Hunting recreation..ccsccassvssscncnnsnannccns o
HVYNF FIG MGMT UNIT Z2-—-KIPUKA KI
Hunting effort........ eesresssssusannasannce O
Recorded kill...o.ccevevnecnvneonansoonnenanaea 7
Mean pigs per group (catch per unit effort). 8
Group success rate........ s amanee canmaa . . 9
Hunting recreation..cccecsesas Peeaneaaa enssaas 10
HVYNF FIG MGMT UNIT 3I--0LAA TRACT
Hunting effort....ecricacenanas erameeaasua 11
Recorded kKill...toueuaeranaancnansa easaneans 12
Mean pigs per group f{(catch per unit effort) 13
Group success rate..cccececesnscens e eassa 14
Hunting recreation..ccsosaaasas wensaanvansnnanes 19
HVNF PIG MGMT UNIT 4--—-kK0OO0OKOLAU
Hunting effort...cevecresescanasnns weenssannes 16
Recorded kill...... cememman e eesssasaas 17
Mean pigs per group {(catch per unit effort). 18
Group suCccesSs rat@eewessssseanannons ea e . 19
Hunting recreation... ...« s s sesannannnnean 20
HVNF PIG MGMT UNIT S--PUHIMAU
Hunting effort.......... s e e e wesaas &
Recorded kill...... eemasas e e m e e e 22
Mean pigs per group (catch per unit effort). 2T
Group suUCcCEeSS Fat@. s cuasersvnasnnoannnnasnnas 24
Hunting recreation.......... es s s ser e s 20
HVYNF PIG MGMT UNIT 6-—FUU HULUHULU
Hunting effort..cesneaauaaas e e seannens 2B
Recorded kKill...ecceoseesnsnonnnanneannaananaes 27
Mean pigs per group (catch per unit effort). 28
Broup success rate..cveerceanses e emea e 2
Hunting recreation.scesvesnanscaanaaas ceanas SO
HVNFP PIG MGMT UNIT 7-—KALAFANA
Hunting effort........ . |
Recorded Kill...oseaesanacanananens Peessseanas I2
Mean pigs per group (catch per unit effort). 33
Group success Fate.cveraanse e saamaeanseaana . =4
Hunting recreation...eceueee s ena e canaeas O
HYNF FIG MGMT UNIT 8--AINAHOU
Hunting effort. ... .veece.an e s aa e .

Recorded kill



HVNP
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HVMP

HVMP
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Mean pigs per group (catch per unit effort).
Group sucecess rate. s i s acssencasnsanasanseans
Hunting recreation. cssescsscssasnssenscsannnoes

PIG MGMT UNIT 9-~-HILINA PALI

Hunting effort....sceenccnannsassansans casaus
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Mean pigs per group (catch per unit effort).
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Hunting recreation......... cemun
PIG MGMT UNIT 10——KAU

Hunting effort....ccveeecacnanes
Recorded kill...oeseeeenaas cesaa

Mean pigs per group {(catch per unit effort).

Group success Frate. s carssonosnaana

Hunting recreation..ccccennavvcancnaaasannanas

FPIG MGMT UNIT 11--KILAUEA
Hunting effort...scccincncsencanas
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Mean pigs per group {(catch per unit effort).

Group success rate. . cccen e onns
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KILAUEA-KALAPANA REGIONAL SUMMARIES
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Recorded kill......ccinenenaans .a

Mean pigs per group (catch per unit effort).

Group success rate..c.cceeseoansss
Hunting recreation...cssssssesas
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Hunting effort...... e e emes s e e At

Recorded kill...ieceseonsunnnannaa

Mean pigs per group f{(catch per unit effort).

Group success rate..vvveseaanuas
Hunting recreation..ccocuseanasas
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